Abstract. MicroRNAs are a class of small non-coding, endogenous RNAs involved in cancer development and progression. has been reported to have both an oncogenic and tumor-suppressive role in human tumors, but the role of miR-221 in ovarian cancer is poorly understood. In the present study, the expression levels of miR-221 and the apoptosis protease activating factor 1 (APAF1) protein in 63 samples of ovarian cancer tissues and the cell lines, IOSE25, A2780, OVCAR3, SKOV3 and 3AO were detected by quantitative reverse-transcription polymerase chain reaction (qRT-PCR) and western blot analysis, respectively. Cell proliferation was measured using Cell Counting kit-8 (CCK-8); cell migration and invasion were detected using a Transwell assay; cell apoptosis was evaluated by flow cytometry and hoechst staining, and a luciferase assay was performed to verify a putative target site of miR-221 in the 3'-UTR of APAF1 mRNA. Expression of miR-221 was upregulated in ovarian cancer tissues. Patients with increased miR-221 expression levels had a reduced disease-free survival (P=0.0014) and overall survival (P=0.0058) compared with those with low miR-221 expression. Transfection of SKOV3 and A2780 cell lines with miR-221 inhibitor induced APAF1 protein expression, suppressed cell proliferation and migration and promoted tumor cell apoptosis. In conclusion, the APAF1 gene was confirmed as a direct target of miR-221 and overexpression of APAF1 suppressed ovarian cancer cell proliferation and induced cell apoptosis in vitro. These findings indicate that miR-221-APAF1 should be studied further as a potential new diagnostic or prognostic biomarker for ovarian cancer.
Introduction
Ovarian cancer is a malignancy that is associated with a high mortality. Worldwide, this form of cancer represents ~3% of all cancers in women and is the fifth leading cause of death in the female population (1) . Despite developments in cancer therapy in the past two decades, the mortality from ovarian cancer has remained constant (1) . Early diagnosis and improved prognostic markers are required to improve patient survival rates for ovarian cancer (2) . The identification of new molecular markers may also lead to more effective and targeted therapies for ovarian cancer.
MicroRNAs (miRNAs) are a class of small, non-coding, endogenous RNAs that are ~22 nucleotides in length and play important roles in post-transcriptional regulation (3) . miRNAs can inhibit target gene expression by binding to the 3'-untranslated region (3'-UTR) of target mRNA, which results in either mRNA degradation or prevention of translation to protein expression (4, 5) . miRNAs have several roles in normal cellular processes involving cell proliferation, apoptosis, cell differentiation and stress response (6) (7) (8) . In recent years, miRNAs have received attention in cancer research, as 98 miRNAs are located at genomic regions involved in malignancy, indicating that miRNAs could be used as diagnostic and prognostic biomarkers (9) . however, miRNAs have been reported to have both tumor suppressor and oncogenic activities (10) .
In particular, miR-221 has been reported to have both tumor suppressor and oncogenic roles in different types of human cancer, including breast cancer (11, 12) and hepatocellular carcinoma (13) . Recently, miR-221 has been shown to have as tumor suppressor role in non-small cell lung cancer (14) . miRNA-221 is encoded by a gene located on chromosome
Overexpression of miRNA-221 promotes cell proliferation by targeting the apoptotic protease activating factor-1 and indicates a poor prognosis in ovarian cancer
Xp11.3 and acts as an oncogene in tumors of epithelial origin and as an oncosuppressor in hemopoietic malignancies (12) (13) (14) . The increasing awareness of the role of miRNAs in human malignancy has raised the possibility of their future role as diagnostic and prognostic biomarkers (15, 16) . Recent studies have also indicated that miRNAs may be potential therapeutic targets in human malignancy (17, 18) . In 2007, a study in human prostate cancer cell lines demonstrated that miR-221 mediated its effects on the control of cell proliferation by targeting p27
Kip1 (20) . It is now known that miR-221 exerts its oncogenic effects through the inhibition of the cyclin-dependent kinase (CDK) inhibitors p27
Kip1 and p57, upregulating ZEB2, an epithelial-to-mesenchymal transition (EMT)-inducing gene through TRPS1 (19, 20) . Overexpression of miR-221 in malignant glioblastoma cells has been shown to promote the cell cycle through G1 into S phase and to promote cell apoptosis (21) . In addition, miR-221 has been shown to be downregulated in Kaposi's sarcoma-associated herpes virusassociated cancers, including Kaposi sarcoma and primary effusion lymphoma (PELs) (22) . A recent study has shown that the overexpression of miR-221 enhances chemosensitivity to gemcitabine in cholangiocarcinoma cells (23) . These data demonstrate that miR-221 has a bimodal function in the tumorigenesis of human cancers.
Apoptotic protease activating factor 1 (APAF1) is a crucial component of the apoptosome that is present in humans and mice (24, 25) and is assembled in response to cellular stress, including DNA damage, hypoxia and oncogene activation (26) (27) (28) . APAF1 is closely related to several oncogenes and tumor suppressor genes, including B-cell lymphoma-2 (Bcl-2) and p53 (29, 30) . A series of studies have shown that APAF1 protein is an important apoptosis factor that is abnormally expressed in cancer tissues (27, 31) . APAF1 is downregulated in human colorectal cancer, and its expression is associated with adverse patient prognosis (32, 33) .
Since the role of miR-221 in the development and progression of ovarian cancer remains unknown, the present study was done using both established tumor cell lines and tumor tissue samples from patients with histopathologically confirmed primary ovarian carcinoma.
Materials and methods
Patients studied and tissue collection. Sixty-three patients with histopathologically diagnosed ovarian cancer had tumor tissue sampled as part of their routine diagnosis with adjacent normal tissue samples. All patients underwent surgery at the First Affiliated hospital of Sun Yat-sen University between 2008 and 2010. The diagnosis of primary ovarian cancer was based on histopathological evaluation according to the International Federation of Obstetrics and Gynecology (FIGO) criteria. Clinical pathology information was available for all patient samples, as shown in Table I . No other treatments were conducted in these patients before surgery and tissue sampling. Informed patient consents were obtained from every study participant. The present study was approved by the Research Ethics Committee of the First Affiliated hospital of Sun Yat-sen University. All tissues were collected and immediately frozen in liquid nitrogen and stored at -80˚C for further study.
Cell culture. human ovarian surface epithelial cells (IOSE25) were immortalized and cultured as previously described (34) . Four human ovarian cancer cell lines, A2780, OVCAR3, SKOV3 and 3AO were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and the American Type Culture Collection (ATCC; Manassas, VA, USA), respectively.
The ovarian cancer cell lines were maintained according to the vendor's instructions. Briefly, A2780 and 3AO cell lines were routinely cultured in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA). SKOV3 cells were cultured in McCoy's 5A Modified Medium (ATCC) with 10% FBS (Gibco). OVCAR3 cells were cultured in RPMI-1640 medium (ATCC) with 20% FBS (Gibco). All the media contained 1% penicillin-streptomycin (100 U/ml penicillin and 100 µg/ml streptomycin). The ovarian cancer cells were cultured and maintained in a humidified incubator at 37˚C and supplemented with 5% CO 2 . Plasmid construction. The apoptotic protease activating factor 1 (APAF1) 3'-untranslated region (3'-UTR) containing putative binding sites for microRNA-221 (miR-221) was cloned downstream of the psi-ChECK2 vector (Promega, Madison, WI, USA) and named as APAF1-3'UTR-WT. APAF1 mutant 3'-UTR recombinant plasmid was generated by QuikChange Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA), which generated a mutation of 7 bp from AUGUAGC to UACGCGU in the predicted miR-221 target binding site, named as APAF1-3'UTR-MUT. The full-length cDNA encoding human APAF1 was amplified and the recombinant plasmid, pcDNA3.1-APAF1 was constructed. All plasmids were confirmed by DNA sequencing.
Cell transfection. The miR-221 mimics, miR-221 inhibitor and scrambled sequence pre-miR negative control (NC) were purchased from a commercial manufacturer (Guangzhou RiboBio, Co., Ltd., Guangzhou, China). Ovarian cancer cells (100 µl) were seeded in 24-well plates (1x10 6 cells/ml) and incubated for 24 h, then cells were transfected with miRNA mimics/inhibitor (50 mM) or vectors (2 µg) using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) in serum-free medium in accordance with the manufacturer's instructions.
RNA extraction and quantitative real-time PCR (qRT-PCR)
analysis. TRIzol reagent (Invitrogen) was used to extract total RNA from tissue samples or cultured cells. For quantitative real-time polymerase chain reaction (qRT-PCR), 2 µg of total RNA was used for the reverse transcription reaction and cDNA synthesis by using a Reverse Transcription kit (Takara, Dalian, China). Quantitative real-time PCR analysis was performed with SYBR-Green Real-Time Master Mix (Toyobo, Co., Ltd, Osaka, Japan). Results were normalized to a constitutive expression gene, GAPhD. The relative expression of miRNA-221 was detected using a SYBR PrimeScript miRNA RT PCR kit (Takara) in accordance with the manufacturer's instructions and U6 was used as an internal control. The gene-specific primers were synthesized by Sangon Biotech, Co., Ltd. (Shanghai, China) (Table III) . qRT-PCR and data collection were performed on an Applied Biosystems 7500 Sequence Detection system (Applied Biosystems, Foster City, CA, USA). The relative expression of miR-221 and APAF1 were calculated and normalized using the 2 -ΔΔCt method.
Protein extraction and western blot analysis. Total proteins were extracted from tissue samples or cultured cells with SDS lysis buffer (Beyotime Institute of Biotechnology, haimen, China) on ice for 20 min and the protein concentrations were determined using BCA protein assay kit (Pierce, Rockford, IL, USA). Equal amounts of total proteins were separated by 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) at 120 V for 2 h, transferred to 0.22 µm polyvinylidene difluoride membranes (PVDF) (Millipore, Billerica, MA, USA) and incubated with APAF1 antibodies (1:1,000, ab32372; Abcam). Proteins were detected by enhanced chemiluminescence (ECL) as described by the manufacturer (Beyotime Institute of Biotechnology) and the intensity of the bands was quantified by densitometry (Quantity One software; Bio-Rad Laboratories, hercules, CA, USA). Results were normalized to a constitutive expression gene, GAPhD (1:2,000, ab9485; Abcam).
Luciferase assays. For the reporter assay, 1x10 5 cells were cultured in 24-well plates one day before transfection. A total of 100 ng APAF1-3'UTR-WT or -MUT vectors were co-transfected with 50 nM miR-221 mimics or negative control into cells using Lipofectamine 2000 reagent. After 48 h of transfection, luciferase activities were measured using Dual-luciferase reporter assay system (Promega) according to the manufacturer's instructions. Firefly luciferase activity was normalized to Renilla luciferase activity.
Cell proliferation assays. Cell Counting kit-8 (CCK-8; Dojindo Laboratories, Kumamoto, Japan) was used to examine the cell proliferation, according to the manufacturer's instruction. Briefly, 2x10 4 cells were seeded into a 96-well plate. Cell viability was evaluated with CCK-8 at daily intervals from the next 24, 48 and 72 h after seeding. Following the CCK-8 assay at 37˚C for 1 h, ovarian cancer cells were used to measure the absorbency at 450 nm using a microplate reader Thermo Plate (Rayto Life and Analytical Science, Co., Ltd., hamburg, Germany).
Cell migration and invasion assays.
A Transwell migration assay and a Matrigel invasion assay were performed separately using 24-well Transwell inserts with 8-µm pore size (Corning Costar Corp., Corning, NY, USA). For the Transwell migration assay, 2x10 4 ovarian cancer cells were plated in 100 µl corresponding culture medium without FBS into the upper chamber of a Transwell insert with a non-coated membrane. For the Matrigel invasion assay, 4x10 4 ovarian cancer cells were suspended in 100 µl serum-free corresponding culture medium were loaded in the upper Matrigel-coated chamber. In both assays, 500 µl of culture medium containing 20% FBS was added to the lower chamber. Cells were then allowed to migrate or invade for 24 h at 37˚C. The cells that migrated or invaded into the bottom chamber were fixed with 100% methanol for 30 min and stained using 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO, USA) for 20 min, and the permeating cells were counted under a phase-contrast microscope (Olympus Corp., Tokyo, Japan).
Cell apoptosis. Cell apoptosis was studied using an Annexin V-fluorescein isothiocyanate (FITC) and propidium iodide (PI) apoptosis detection kit (BestBio, Shanghai China) with flow cytometry and in accordance with the manufacturer's instruction. Briefly, 1x10 6 cells were harvested and resuspended in cold PBS, and then stained using the Annexin V FITC/PI apoptosis detection kit according to the manufacturer's instructions. Samples were analyzed using Becton-Dickinson flow cytometer. Annexin V(+)/PI(-) and Annexin V(+)/PI(+) represented the ovarian cancer cells in early and late apoptosis or necrosis, respectively. hoechst 33342 nuclear staining method was performed to detect cell apoptosis. Briefly, cells were cultured with Hoechst 33342 blue fluorescent nuclear dye (Sigma-Aldrich) in 6-well cell culture plates for 30 min. The nuclear morphology was examined using fluorescence microscopy with a filter for hoechst 33342 at 365 nm.
Statistical analysis. All results were expressed as the mean ± standard deviation (SD). Statistical analysis was performed using the SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). Statistical significance between the groups was determined using the Student's t-test or the Chi-square test. Survival analysis was performed using the Kaplan-Meier method. The log-rank (Mantel-Cox) test was used to compare the differences between the patient groups. Fig. 1A shows that miR-221 was upregulated in ovarian cancer tissues compared with matched adjacent normal tissues in 63 cases, using quantitative reverse transcription polymerase chain reaction (qRT-PCR). In tumor specimens, miR-221 expression levels were greater than in adjacent normal tissues (median ratio of tumor to normal of 3.68).
Results

miR-221 upregulation in human ovarian cancer tissues.
miR-221 expression and clinicopathological features in ovarian cancer patients. The clinical pathology findings in
63 ovarian cancer patients studied are shown in Table I . The 63 ovarian cancer patients were classified into two groups based on the median relative miR-221 expression (3.68) in ovarian cancer tissues. Group 1: a low miR-221 expression Table III . Primer sequences used for miRNA and mRNA expression analysis.
miR-221 ----------------------------------
Name
Primer sequence (5'-3')
F, forward primer; R, reverse primer; RT, reverse transcription primer.
miR-221 expression and patient survival. Disease-free survival (DFS) and overall survival (OS) curves were plotted according to miR-221 expression levels, using the Kaplan-Meier analysis and the log-rank test, respectively. The results are presented in Fig. 1C and 1D . Patients with high miR-221 expression levels had a reduced DFS (P=0.0014) and OS (P=0.0058). For the OS, 3 years of overall accumulative survival rates of ovarian cancer patients with low and high miR-221 expression level were 38.57 and 20.68%, respectively. high expression of miR-221 was associated with a greater OS time for ovarian cancer patients (median OS, 14 months) compared with patients with low miR-221 expression (median OS, 27 months). The 3-year disease-free survival rates for high and low expression of miR-221 patients were 35.21 and 18.54%, respectively. The median survival time for patients with low miR-221 expression was 22 months, and 9 months for patients with high miR-221 expression.
Decreased APAF1 protein expression in ovarian cancer tissues; negative correlation with miR-221 expression.
The results of western blotting in ovarian cancer tissues and ovarian cancer lines SKOV3, OVCAR-3, A2780, 3AO and human ovarian surface epithelium cells showed that APAF1 protein expression was downregulated in ovarian cancer tissues ( Fig. 2A and B) . APAF1 protein expression was downregulated in ovarian cancer cell lines (Fig. 2C) . The expression of APAF1 in SKOV3, OVCAR-3, A2780, 3AO and human ovarian surface epithelium cells were detected using qRT-PCR (Fig. 2D) ; SKOV3 and A2780 cells were chosen for further study. APAF1 protein expression levels were negatively associated with miR-221 expression levels in 63 ovarian cancer tissues (P=0.0038; R=0.1296; Fig. 2E ).
APAF1 as a potential target of miR-221.
The expression of APAF1 in SKOV3 and A2780 cells following transfection with miR-221 inhibitor were detected using western blot analysis (Fig. 3A and B) . Also, miRNA target predication databases (TargetScan: www.targetscan.org and MICRORNA.ORG: www.microrna.org) were used for computational analysis. miR-221 had one predictive target site in the human APAF1-3'-UTR (Fig. 3C) . A Dualluciferase reporter system was used to determine whether APAF1 was a direct target of miR-221. The results showed that miR-221 mimics downregulated the luciferase activity of the reporter and the luciferase expression of mutant APAF1-3'-UTR was not regulated by miR-221 (Fig. 3D) . These results indicated that this site of APAF1-3'-UTR was the regulation site for miR-221. Transfection with miR-221 inhibitor and suppression of ovarian cancer cell proliferation, migration and invasion in vitro. The proliferation of SKOV3 and A2780 cells were suppressed following miR-221 inhibitor transfection (Fig. 4A) . Using the Transwell assay the cell migration and invasion of SKOV3 and A2780 were inhibited following miR-221 inhibitor transfection ( Fig. 4B and C) .
Transfection with miR-221 inhibitor and ovarian cancer cell apoptosis in vitro.
Using the Annexin V-FITC/PI staining and hoechst staining methods, the SKOV3 and A2780 cell apoptosis rates were induced after miR-221 inhibitor transfection (Fig. 5) .
Overexpression of APAF1 and suppression of ovarian cancer cell proliferation, migration and invasion in vitro. As shown in Fig. 6A , APAF1 was overexpressed in SKOV3 and A2780 cells following pcDNA3.1-APAF1 transfection. Using the CCK-8 assay, overexpression of APAF1 inhibited ovarian cancer cell proliferation (Fig. 6B) . Using Transwell assay, overexpression of APAF1 suppressed the SKOV3 and A2780 cell migration and invasion (Fig. 6C and D) .
Overexpression of APAF1 and ovarian cancer cell apoptosis in vitro.
The Annexin V-FITC/PI staining and hoechst staining methods showed that the ovarian cancer cell apoptosis rates were induced following overexpression of APAF1 (Fig. 7) . 
Discussion
The present study was designed to investigate the expression of microRNA-221 (miR-221) in ovarian cancer tissues and ovarian carcinoma cell lines and to undertake a preliminary study of the prognostic significance of miR-221 in patients following surgery for ovarian carcinoma. The results showed that the expression of miR-221 was increased in ovarian cancer tissues compared with matched adjacent normal tissue. Increased expression levels of miR-221 were associated with increased ovarian tumor size, increased depth of tumor invasion, a higher tumor stage, reduced patient prognosis and survival. Tumor cell transfection with the miR-221 inhibitor induced apoptosis protease activating factor 1 (APAF1) protein expression and confirmed that APAF1 is a target gene for miR-221. Following miR-221 inhibitor transfection, ovarian cancer cell proliferation, migration and invasion were inhibited in vitro and cell apoptosis was induced in vitro. The findings of the present study indicate that miR-221 may act as an oncogene by regulating tumor cell growth, invasion, migration and apoptosis in ovarian cancer, and that miR-221-APAF1 may represent a new potential diagnosis and therapeutic biomarker in ovarian cancer.
The findings of this study on ovarian cancer cell lines and tissue support the finding of other studies on the role of miR-221 in other types of human cancer (11, 12) . Also, this study confirmed the findings of other studies on human malignancy that APAF1 expression is associated with inhibition of tumor cell apoptosis (27, 31) . This study also confirmed that the expression of APAF1 is associated with adverse patient prognosis (32, 33) . However, this study showed, for the first time that the APAF1 gene is a direct target of miR-221 in human ovarian cancer cells and that the overexpression of APAF1 suppressed ovarian cancer cell proliferation and induced cell apoptosis in vitro.
The present study was preliminary in nature, and so further, larger studies are required to confirm and expand the findings. Although multiple tumor cell lines were studied, the behavior of immortalized tumor cells in vitro cannot replicate that of human cancer cells in vitro. For this reason, human ovarian cancer tissues were studied in parallel. however, the number of human tumor samples was small and confined to those from a single center, we suggest that, for future studies, a larger number of tumor samples should be studied and from multiple centers.
In conclusion, the APAF1 gene was confirmed as a direct target of miR-221 and overexpression of APAF1 suppressed ovarian cancer cell proliferation and induced cell apoptosis in vitro. These findings indicate that miR-221-APAF1 should be studied further as a potential new diagnostic or prognostic biomarker for ovarian cancer. 
